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SPEAKER ARRANGEMENT FOR COMMUNICATION TERMINAL 

Field of the invention 

The present invention relates generally to a communication terminal 
5 comprising an antenna for wireless communication purposes, and a speaker for 
conveying audio information to a user of the communication terminal. More 
specifically the invention relates to a communication terminal wherein such a 
speaker is arranged inside the resonance chamber of said antenna. 

10 Background 

The mobile phone industry has had an enormous development both regarding 
quality of service and transmission capabilities, as well as the technology for 
producing advanced communications terminals. In only a couple of decades the 
communication systems have gone from analogue to digital, and at the same time 

15 the dimensions of the communication terminals have gone from briefcase size to the 
pocket size phones of today. Still today, mobile phones are getting smaller and 
smaller and the size is generally considered to be an important factor for the end 
customer. The development in electronics has made it possible to miniaturise the 
components of the terminals, at the same time making the terminals capable of 

20 performing more advanced functions and services. The development of new 
transmission schemes, the so-called 3 rd generation mobile system standing at the 
door and the 4 th generation to be expected maybe ten years later, also provides the 
possibility to convey more advanced data to the wireless communication terminals, 
such as real time video. 

25 In order to benefit from the capabilities of the transmission system, the future 

generation of phones will have a large display in order to perform multimedia input 
and output, and the picture quality will be of high importance. Still, the keypad or 
keyboard must be large enough to allow people to press one key at the time. 

Figure 1 discloses a typical example of a state of the art mobile phone 1, 

30 carried by a housing or chassis 2. The size of a keypad 4 and a display 3 basically 
sets the limit of how small the terminal 1 can be. However, to be able to work as a 
standard phone for voice interaction, the terminal 1 also includes a microphone 5 
and a speaker 6, preferably arranged at opposite ends of the terminal 1. Figure 3 
discloses a different embodiment of a state of the art communication terminal 1, 

35 wherein the display 3 occupies a larger portion of the front side of the terminal. 
Several of the functions of the keypad 4 have been included in a graphical user 
interface applicable to the display 3, rendering a data input interface having less 
keys. Those keys 4 may also be moved to the side of the communication terminal in 
order to allow for the display 3 to occupy a larger portion of the front side of 
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terminal 1. A specific tool 8 may be provided for inputting data on a touch-sensitive 
screen of the display 3. Figs 1 and 3 show two typical examples of state of the art 
communication terminals 1, whereas the skilled persons will realise that 
combinations of the two are also well known as well as other designs. 
5 With the development of the communication systems and the capabilities of 

multimedia functions, the demands on the sound quality from the terminals will also 
increase. In the next generation of terminals using W-CDMA technique, it will be 
possible to use a wider audio frequency band. The speaker of the terminal may also 
be used as a ringer instead of a traditional buzzer, for a single tone or polyphonic 

1 0 ring signals, and as a hand free speaker built-in into the phone. Normally, these 
functions are performed by a second speaker mounted in the back of the phone, but 
combined speakers for two or all three of these functions exist. 

In the state of the art communication terminal a terminal output 7 is mounted 
on the front of the terminal above the display with the speaker 6 immediately 

1 5 behind the output 7, as shown in figs 1 and 3 . This means that even with a smallest 
available speaker used today, with a diameter of about 13 mm, the terminal would 
be approximately this much longer in its longitudinal extension than what would 
have been the case if only the display 3 and/or keypad 4 had defined the length of 
the terminal 1. The antenna of the terminal is generally located at the upper portion 

20 of the backside of the terminal, the lower backside being occupied by a battery. 

Placing the speaker 6 behind the display 3 would therefore increase the thickness of 
the terminal 1 since it would have to compete with the antenna for the relevant 
space. 

The performance of the speaker is to a high extent dependent on the back 
25 volume, i.e. the acoustic resonance cavity behind the speaker. For best performance, 
the back volume should be sealed. In a normal case the whole phone is used as back 
volume, but it is almost possible to seal a phone. As mentioned above, almost every 
phone today has the speaker position in the upper parts of the front of the terminal 
above the display and keyboard. This means that the height of the speaker, display 
30 and the keyboard determines the length of the phone. Since the speaker 

performances is highly dependent on the dimension, reduction of the speaker size 
results in less good acoustics. There is also a general desire to have larger displays 
in the communication terminal, not just wider but also longer, and with the common 
layout of the keyboard such as disclosed in figure 1 and which people are used to, 
35 the height of the terminal can basically not be reduced more than today without 
resulting drawbacks to the display 3 or keypad 4. 

A solution to this problem of miniaturisation of communication terminals is 
proposed in WO 00/38475, in which the acoustic resonance chamber of the speaker 
is completely or partly located in the electromagnetic resonance chamber of the 
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antenna. The use of a single resonance chamber instead of two separate ones makes 
it possible to manufacture smaller communication devices. According to the 
proposed solutions the speaker is placed outside the resonance chamber, the 
backside of the speaker being connected to the resonance chamber by at least one 
5 acoustic channel. However, the arrangement of the speaker beside the resonance 
chamber has some drawbacks. First of all the acoustic channel has to be properly 
sealed. Furthermore, the speaker and chamber will both add to the thickness of the 
terminal, and at the same time the height of the speaker will contribute to the length 
of the terminal. 

Summary of the invention 

It is consequently an object of the present invention to overcome the 
deficiencies related to the state of the art communication terminal as recited above. 
More specifically, it is an object to provide a speaker arrangement for a 

15 communication terminal making it possible to decrease the outer terminal 
dimensions. According to the present invention, this object is fulfilled by 
communication terminal comprising a housing carrying therein a radio antenna 
element, a speaker, and a chamber acting as an electromagnetic resonance cavity for 
the antenna as well as an acoustic resonance cavity for the speaker. According to the 

20 invention, the speaker is mounted inside said chamber and is coupled to the outside 
of the housing through a sound outlet. By using the antenna cavity a good resonance 
chamber is provided for the speaker. Furthermore, by placing the speaker inside the 
cavity, the thickness contribution of the speaker is eliminated. Tests performed on a 
prototype apparatus have shown the surprising result that the speaker will not, or to 

25 a very little extent, affect the performance of the antenna. 

In one embodiment, the communication terminal comprises a user interface 
on a front side of the housing, wherein said speaker is placed behind said user 
interface as seen from said front side. The user interface may be a display or a key 
pad. In such an embodiment, said sound outlet is preferably coupled to said speaker 

30 by a sound channel which extends from a channel inlet at the speaker. Furthermore, 
said sound channel preferably comprises at least one bent portion, such that the 
sound channel bends around said user interface and extends at said channel front 
outlet substantially perpendicular to said front side. Said sound channel may further 
be devised with a channel top outlet extending in a substantially longitudinal 

35 direction of the terminal at a top side of said housing. 

In one embodiment, a ground plane defines a wall part of the chamber, 
through which wall part said sound channel outlet extends. The speaker is 
preferably mounted under said ground plane, as seen from said front side. The 
chamber may further be sealed, and have a substantially rectangular box shape. 
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In one embodiment, the speaker and the user interface are placed next to each 
other. However, a first part of the ground plane is located adjacent to the front part 
of the housing over the speaker antenna, and a second part of the ground plane is 
located under the user interface, wherein said first and second parts are connected 
5 by a bent portion of the ground plane. This way the top portion of the terminal, 
comprising the antenna and the speaker, will basically be confined between the 
ground plane, i.e. the first part thereof, and the antenna element, rendering a very 
slim profile. The bent portion allows for the two parts of the ground plane to be 
arranged at different levels, though potentially parallel to each other. This way the 
1 0 user interface, which has a certain thickness, can be positioned with its front face 
basically in the same plane as the front side of the top portion. 

Preferably said antenna element comprises a substantially flat pattern of 
conductive material on an inner wall of said chamber. 

The speaker may be devised to convey audio information such as speech to a 
15 terminal user. Furthermore, the speaker may comprise a buzzer devised to act as a 
ringer by transmitting a predetermined sound signal to bring a user's attention to the 
terminal. Alternatively, said speaker may be a multi mode actuator devised to act as 
a ringer and a vibrator by transmitting predetermined sound signals or vibrations to 
bring a user's attention to the terminal. 

20 

Brief description of the drawings 

Further features and advantages of the present invention will become more 
apparent from the following description of preferred embodiments, with reference 
to the accompanying drawings, on which 
25 Fig 1 schematically shows a state of the art communication terminal of a first 

type; 

Fig 2 schematically illustrates an embodiment of a communication terminal 
according to the present invention, otherwise designed according to the terminal 
type of fig 1; 

Fig 3 schematically illustrates a second type of terminal according to the 
state of the art; 

Figs 4 and 5 illustrate embodiments of communication terminals according to 
the present invention otherwise designed according to the terminal type of fig 3; 

Fig 6 schematically illustrates a sectional side view of a portion of a 
communication terminal according to an embodiment of the present invention; 

Figs 7A and 7B illustrate a state of the art communication terminal in a front 
view and a sectional side view; and 

Figs 8A and 8B illustrate a tenninal according to an embodiment of the 
invention in a front view and a sectional side view. 
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Detailed description of preferred embodiments 

The present description refers to communications terminals as a device in 
which to implement the speaker configuration according to the present invention. 
5 The communication terminal includes all mobile equipment devised for radio 
communication with a radio station, which radio station also may be a mobile 
terminal or e.g. a stationary base station. Consequently, the term "communication 
terminal" includes mobile phones, pagers, communicators, electronic organisers, 
smart phones, PDArs (Personal Digit Assistants), vehicle-mounted radio 

10 communication devices or the like, as well as portable laptop computers devised for 
wireless communication in for instance WLAN (Wireless Local Area Network). 
Furthermore, since the design and present invention is suitable for but not restricted 
to mobile use, the term "communication terminal" should also be understood as to 
include any stationary device arranged for radio communication, such as for 

15 instance desk top computers, printers, fax machines and so on, devised to operate 
with radio communication with each other or some other radio station. Hence, 
although the structure and characteristics of the antenna design according to the 
invention is mainly described herein, by way of example, in the implementation in a 
mobile phone, this is not to be interpreted as excluding the implementation of the 

20 inventive design in other types of radio terminals, such as those listed above. 
Furthermore, it should be emphasised that the term "comprising" or "comprises" 
when used in this description and in the appended claims to indicate included 
features, elements or steps, is in no way to be interpreted as excluding the presence 
of other features, elements or steps than those expressed or stated. 

25 Fig 4 illustrates one embodiment of the present invention as seen from the 

front side. Fig 6 illustrates a portion of fig 4 as seen from section A - - A indicated 
in fig 4. It should be noted, though, that the drawing in fig 6 is equally applicable to 
an embodiment of the present invention as shown in for example fig 2. 

Consequently, fig 6 illustrates a portion of a communication terminal 1 1 as 

30 seen from the side, with the front side 20 facing left in the drawing. It should be 
noted that fig 6 is highly schematic, intended to show the principal of an 
embodiment of the present invention and not necessarily a fimctioning design. 
Terminal 1 1 comprises a Printed Circuit Board (PCB) 24 carried in a chassis or 
housing 12. The PCB 24 supports the electronics 25 of terminal 1 1. At the front side 

35 20 a display 13 is located, preferably devised as a LCD module (Liquid Crystal 
Display). As shown in the example of figs 4 and 5 the display 13 may occupy a 
major portion of the front side 20, whereas in a more traditional design according to 
fig 2, the display is mainly located at upper parts of the terminal. Behind the display 
13 and PCB 24, a radio antenna 29 of terminal 1 1 is arranged. PCB 24 includes a 
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ground plane towards the antenna 29, which antenna is devised for reception and 
transmission of radio signals according to the established art. The specific design of 
the radio antenna 29, which may e.g. be a micro strip antenna or a PIFA antenna 
(Planar Inverted-F Antenna), is not of importance for the present invention, 
5 although the invention relates to antennas which demand a cavity or distance 

between the antenna element and the ground plane. In the illustrated embodiment of 
fig 6, however, the antenna 29 is some form of low profile flat antenna formed or 
placed on the inside of an antenna lid 27. The feeding connection of antenna 29 to 
the PCB is not shown, neither is a connection to the ground plane which may be 

10 included dependent on the antenna type. The antenna 29 is situated at a certain 
distance from the PCB 24, such that an electromagnetic resonance cavity 21 is 
located there between, in a manner well known in the art. A chamber 21 acting as 
the electromagnetic resonance cavity is preferably a sealed box defined between the 
antenna lid 27, the PCB 24, and side walls, and the chamber 21 is sealed by gaskets 

15 26. 

A speaker 16 is located inside chamber 21 and mounted adjacent PCB 24 
with gaskets 26, such that the front side of speaker 16, illustrated in the drawing by 
the curved portion, is sealed from the cavity of chamber 21. This way, chamber 21 
will also act as an acoustic resonance cavity for speaker 16. The front side of 
20 speaker 16 is coupled to the outside of the housing 12 through a sound channel 22 
to an output opening 17 in housing 12. Sound channel 22 includes a channel inlet 28 
forming an opening in the PCB 24 to the front side of speaker 16. 

Consequently, speaker 16 is located behind the display 13, and the length or 
height of speaker 16 is not added to the total length of terminal 1 1. It should be 
25 noted though, that in an alternative design of communication terminal 1 1 (not 
shown) in which the display is arranged at the bottom of the phone near a 
microphone 15, and a key pad 14 is arranged at the top of the phone, speaker 16 
would be located behind key pad 14 rather than display 13. By placing speaker 16 
inside chamber 21, the thickness of 16 does not add to the total thickness of 
terminal 1 1, thereby rendering a smaller terminal. 

By placing speaker 16, and cavity 21, behind the user interface, i.e. the 
display 13 or keypad 14, the height of speaker 16 does not add to the length of 
terminal 11. Instead, only the height of the outlet 17 of sound channel 22 will add to 
the length of the phone. This is shown for the first type of communication terminal 
1 1 of fig 2, which should be compared to the state of the art terminal of fig 1. The 
terminal 1 1 of fig 2 is obviously shorter in the longitudinal direction than terminal 1 
of fig 1. For the second type of terminal the inventive design is disclosed in figs 4 
and 5. Comparing the embodiment of terminal 1 1 in fig 4 with the state of the art 
terminal 1 of fig 3, terminal 1 1 is clearly smaller. However, instead of making the 
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entire terminal smaller, it is of course possible to use the space otherwise occupied 
by a speaker to increase the user interface, in the example of fig 5 by including a 
larger display 13. In the embodiments of figs 4 and 5 as well as the state of the art 
terminals of fig 3, an auxiliary tool 8 may be used to interact with the phone by 
5 pressing touch sensitive areas of display 3, 13 in a manner well known in the art. 

In order to port the audio signals from speaker 16 into the front side 20 of 
terminal 11, sound channel 22 comprises at least one bent portion 23, such that the 
sound channel bends round the user interface 13, 14 in front of speaker 16. 
Preferably sound channel 22 exits at the front side 20 of terminal 1 1 substantially 
10 perpendicular thereto, as illustrated by the arrow at outlet 17. In one embodiment 
the sound channel 22 further has a sound channel top outlet 19, exiting in a 
substantially longitudinal direction of terminal 1 1 at a top side of housing 12, as 
illustrated by the arrow at outlet 19. This outlet 19 may be used as a hands-free 
speaker outlet 

15 In Fig. 7 A a state of the art terminal much like the one in Fig. 1 is shown 

from the front side, In Fig. 7B the same terminal is schematically illustrated from 
the side in a sectional view with the front side facing left. In this drawing a number 
of elements normally included in a radio communication terminal or disclosed. It 
should be emphasised, though, that the dimensions are merely exemplary to 

20 illustrate the contribution and advantage of certain features of this embodiment of 
the invention. Furthermore, connections between the different elements of the 
terminal are not shown. A ground plane 24 is arranged in the terminal extending 
longitudinally through a part, or substantially the entire body, of the terminal. 
Normally, this ground plane is a layer of a printed circuit boars carrying the 

25 electronics of the terminal. A speaker 6 is placed at the front side of the terminal, 
over the ground plane as seen from the front side. The back of the speaker is 
coupled to the cavity 21, placed behind the ground plane, through an opening in the 
ground plane as illustrated in the drawing. The back wall of cavity 21, i.e. the wall 
opposite to the ground plane, carries an antenna element, e.g. in the shape of a 

30 PIFA. A user interface comprises a display 3 and a key pad 4, and a microphone 5 
is placed at the bottom of the terminal. A battery 9 is further included to supply the 
terminal electronics with electrical power. 

In Figs 8 A and 8B an embodiment of the present invention is disclosed, in 
which the speaker 16 is placed beside the user interface 13, rather than under as in 

35 the embodiments of Figs 2, 4, 5 and 6. In this embodiment there is no real sound 
channel, rather only an opening or outlet 17. The speaker 16 is placed inside the 
antenna cavity 21, in order to benefit from the same space for acoustic purposes, as 
previously described. At the top portion of the terminal, i.e. the portion comprising 
the speaker and the antenna, the thickness of the terminal is in this embodiment 
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basically defined by the distance between the antenna and the ground plane, since 
the thickness contribution from the speaker has been eliminated. Furthermore, even 
though the antenna cavity 21 has been partly occupied by the speaker, experimental 
laboratory tests on this design have surprisingly shown that the presence of the 
5 speaker will not result in reduced antenna performance if tuned properly. 

The drawings of Figs 7B and 8B indicate that the entire terminal can be made 
thinner by implementation of this embodiment. Naturally, this is dependent on the 
dimensions of the user interface, the battery, other electronics, and so on, and the 
arrangement of these elements. However, Fig. 8B further shows a feature relating to 

10 the ground plane. A first, upper, part of the ground plane defines the front face of 
the terminal, although it is preferably covered by a housing directly adjacent to the 
ground plane 24. Since the user interface, e.g. the display 13, has a certain 
thickness, the ground plane has a bent portion between the speaker and the user 
interface, wherein the ground plane first bends downwards towards the back side of 

15 the terminal, and then bends back towards the lower end carrying the microphone 
15. This way a second, lower, part of the ground plane is formed which extends in a 
plane closer to the back of the terminal than the first part. This makes room for the 
display 13 and the key pad 14 to be arranged over the ground plane, with their front 
sides substantially in the same plane as the top portion of the terminal, with the 

20 sound outlet 17 from the speaker. As is well known to the skilled person, the 

purpose of the antenna cavity is to place the antenna at a certain distance from the 
ground plane. For this reason it is likewise important in the present embodiment that 
the bent portion is not to close to the antenna, such that the uppermost edge of the 
lower part of the ground plane is located too close to the antenna. In other words, a 

25 certain minimum distance between the antenna and ground can be defined, and no 
part of the ground plane may be placed closer to the antenna than that. 

Chamber 21 acting as a cavity for both acoustic resonance and 
electromagnetic resonance may be a rectangular box, which makes it easy to seal by 
means of gaskets 26. As mentioned before, antenna 29 may be a separate 

30 conductive element placed on the inside of the antenna lid 27 but may also be a 
conductive pattern coated on the inside of lid 27. 

The present invention brings about several advantages, thanks to the 
inventive idea to mount the speaker inside the antenna cavity, where the antenna 
cavity is a sealed box. The front side of speaker 16 is ported to the terminal front 20 

35 by a thin channel 22. By mounting the speaker 16 in a sealed box 21 it is possible to 
use a smaller speaker 16 than normal. This solution can also be used when the 
speaker 16 performs in more than one mode. Consequently, speaker 16 can be used 
as a ringer in ringer mode, and also as a hands-free speaker in speakerphone mode. 
Porting the speaker to the front of the terminal by use of a sound channel 22 makes 
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it possible to reduce the length of terminal 1 1 by five to ten millimetres and still 
keep the thickness at a minimum. Also the weight of the terminal 1 1 may be 
reduced due to the smaller terminal dimension. The antenna cavity of chamber 21 is 
used to create a distance between antenna 29 and the ground plane of PCB 24 in 
5 order to improve the bandwidth of the antenna, as is well known in the prior arts. 
Otherwise this cavity is normally not used for anything else. Furthermore, by 
placing speaker 16 inside cavity 21, the function of chamber 21 as an 
electromagnetic cavity will not be effected in any negative way, and will therefore 
not disturb the performance of terminal 11. 

10 The foregoing has described the principals, preferred embodiments and 

modes of operation of the present invention. However, the invention should not be 
construed as being limited to the particular embodiments discussed above. For 
example, it is well known in the state of the art to design mobile or cellular phones 
in a foldable housing 12. Still, the desire to have small terminals is equally 

15 applicable to such a design, and so is the proposed solution of the present invention. 
Thus, the above described embodiments should be regarded as illustrative rather 
than restrictive, and it should be appreciated that variations may be made in those 
embodiments by those skilled in the arts without departing from the scope of the 
present invention as defined in the appended claims. 

20 
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1 . Communication terminal (11) comprising a housing (12) carrying therein a radio 
antenna element (27), a speaker (16), and a chamber (21) acting as an 

5 electromagnetic resonance cavity for the antenna and as an acoustic resonance 
cavity for the speaker, characterised in that said speaker is mounted inside said 
chamber and is coupled to the outside of said housing through a sound outlet (17). 

2. The communication terminal as recited in claim 1, characterised in that it 
10 comprises a user interface (13,14) on a front side (20) of the housing, and in that 

said speaker is placed behind said user interface as seen from said front side. 

3. The communication terminal as recited in claim 2, characterised in that said 
sound outlet is coupled to said speaker by a sound channel (22) which extends from 

15 a channel inlet (28) at the speaker. 

4. The communication terminal as recited in claim 3, characterised in that said 
sound channel comprises at least one bent portion (23), such that the sound channel 
bends around said user interface and extends at said channel front outlet 

20 substantially perpendicular to said front side. 

5. The communication terminal as recited in claim 3, characterised in that said 
sound channel further has a channel top outlet (19) extending in a substantially 
longitudinal direction of the terminal at a top side of said housing. 



6. The communication terminal as recited in claim 2, characterised in that said 
user interface is a display (13). 

7. The communication terminal as recited in claim 2, characterised in that said 
3 0 user interface is a key pad (14). 

8. The communication terminal as recited in any of the previous claims, 
characterised in that a ground plane (24) defines a wall part of the chamber, 
through which wall part said sound channel outlet extends. 



9. The communication terminal as recited in claim 8, characterised in that said 
speaker is mounted under said ground plane, as seen from said front side. 



25 



35 



10. The communication terminal as recited in claim 9, characterised in that a first 
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part of the ground plane is located adjacent to the front part of the housing over the 
speaker antenna, and a second part of the ground plane is located under the user 
interface, wherein said first and second parts are connected by a bent portion of the 
ground plane. 

5 

1 1 . The communication terminal as recited in any of the previous claims, 
characterised in that said chamber is sealed (26). 

12. The communication terminal as recited in any of the previous claims, 

10 characterised in that said chamber has a substantially rectangular box shape. 

13. The communication terminal as recited in any of the previous claims, 
characterised in that said antenna element comprises a substantially flat pattern of 
conductive material on a wall (29) of said chamber. 

15 

14. The communication terminal as recited in any of the previous claims, 
characterised in that said speaker is devised to convey audio information such as 
speech to a terminal user. 

20 1 5. The communication terminal as recited in any of the previous claims, 

characterised in that said speaker is devised to act as a ringer by transmitting a 
predetermined sound signal to bring a user's attention to the terminal. 

16. The communication terminal as recited in any of the claims 1 - 14, 

25 characterised in that said speaker comprises a buzzer devised to act as a ringer by 
transmitting a predetermined sound signal to bring a user's attention to the terminal. 

17. The communication terminal as recited in any of the claims 1-14, 
characterised in that said speaker is a multi mode actuator devised to act as a 

30 ringer and as a vibrator by transmitting predetermined sound signals or vibrations to 
bring a user's attention to the terminal. 



^ 12 06. 2002 

Abstract (§) 

A communication terminal (1 1) comprising a housing (12) carrying therein a radio 
antenna element (27), a speaker (16), and a chamber (21) acting as an 

5 electromagnetic resonance cavity for the antenna and as an acoustic resonance 
cavity for the speaker. Said speaker is mounted inside said chamber and is coupled 
to the outside of said housing through a sound channel (22). The terminal comprises 
a user interface (13,14) on a front side (20) of the housing, and in that said speaker 
is placed behind said user interface as seen from said front side, with the sound 

10 channel extending from a channel inlet (28) at said speaker to a channel front outlet 
(17) at said front side. 



(Fig. 6) 
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